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Abstract: In the MSSM, the Higgs couplings to down-type quarks and leptons, 
normalized with respect to their corresponding Standard Model values, coincide at 
tree-level and this degeneracy is only slightly broken at the quantum level. Motivated 
by the latest results of the Higgs searches at the LHC and Tevatron, we explore 
the possibility of disentangling these couplings from each other by considering a 
scenario in which supersymmetry is broken spontaneously at a low scale. In such a 
scenario, all the Higgs couplings, except the ones to the Z and W bosons, receive 
tree level corrections that depend on the MSSM soft parameters. In particular, the 
corrections to the Yukawa couplings depend on the yl-term soft parameter for the 
corresponding fermion, allowing for the freedom to break their usual relations, even in 
the MSSM decoupling limit. We highlight the main features of this scenario in terms 
of a benchmark point for which the normalized Higgs coupling to the tau leptons is 
depleted, the coupling to photons is enhanced, while all the other Higgs couplings, 
including the one to the bottom quarks, are close to their corresponding SM values. 
We also discuss the experimental bounds arising mainly from di-tau searches and 
comment on the discovery /exclusion prospects at the LHC. 



1 Introduction 



The ATLAS and CMS Collaborations at the LHC recently announced the discovery 
of a new boson, compatible with the Standard Model (SM) Higgs boson with a mass 
around 125 GeV [1, 2], in agreement with the hint of a signal seen by the CDF 
and DO collaborations at the Tevatron [3]. Even though there are at this stage no 
discrepancies in the data with sufficient statistical significance to disprove the SM 
Higgs compatibility, there are at least two intriguing trends of possible deviation. 
The first one is the enhanced signal, with respect to the SM, in the h — > 77 decay 
mode, seen in both the ATLAS and CMS data [1, 2]. For a partial list of models 
aiming at explaining this excess in terms of new physics, see Refs. [4-24]. The second, 
less significant, possible deviation is a depleted signal in the h — > t + t~ decay mode, 
seen by CMS [25]. In this paper we discuss a supersymmetric (SUSY) scenario in 
which it is possible to accommodate a 125 GeV Higgs boson with couplings that can 
account for both of these deviations, while having the couplings to the other SM 
particles compatible with the corresponding SM values. 

In order to relate the measured Higgs signal rates to the Higgs couplings in a 
way that allows for a model-independent parametrization of the possible effects of 
new physics beyond the SM, it is useful to define the relevant partial decay widths 
in terms of Higgs couplings normalized with respect to the corresponding SM ones 
[26-31], 

r^u = IqI v hii , (i-i) 

where i = b,r,c,W, Z, g and 7. In terms of the dimensionless couplings q, the 
corresponding branching ratios (BRs) are given by, 
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BR^f, |c t ot| 2 = ^ |ci| 2 BR^f. (1.2) 



In c to t we have neglected small contributions which can arise from, for example, 
h — > 7-Z", as well as possible contributions from invisible decays that can be present 
in the scenarios we will consider, such as the Higgs decays into two goldstinos (see, 
for example, Ref. [32]), or other non-standard decays, such as the Higgs decay into a 
goldstino and a neutralino, which subsequently decays into a goldstino and photon, 
giving rise to a final state with a monophoton and missing transverse energy [33]. In 
Eqs. (1.1) and (1.2), the SM values are recovered upon setting q = 1. Note that, in 
contrast to other definitions appearing in the literature, we have also normalized c g 
and c 7 with respect to their corresponding SM couplings. 

The signal rates in the h — > ZZ* and h — > WW* channels seem to be in good 
agreement with the SM rates [1, 2]. Therefore, unless there are some compensating 
effects between the relevant production cross sections, the total width and the in- 
dividual partial widths, the simplest explanation of this agreement is that the most 
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relevant couplings, namely c g , cz, cw and c&, are all close to one, i.e. their corre- 
sponding SM value. If these four couplings are close to one, then the only way to 
significantly enhance the h — > 77 signal is to invoke some new physics that only 
affects c 7 . For example, in the context of the minimal supersymmetric extension of 
the SM (MSSM), it is possible to increase the c 7 coupling without affecting the other 
couplings by considering the 1-loop contribution to c 7 arising from stau sleptons 
[34-36]. 

For a value of q, close to one, within the parameter space of the MSSM, it is 
difficult to accommodate a value of c T that is significantly smaller than one. The 
reason is that the same (down-type) Higgs doublet enters in both the bottom and 
tau Yukawa couplings. Hence the tree level values of q, and c T are the same, given 
by — sin a/ cos /3, where a is the mixing angle. In fact, for small values of tan /3, Cb 
and c T are almost identical even at the quantum level. For large values of tan it 
was estimated in Refs. [37, 38], using Refs. [39, 40], that, due to tan /3-enhanced loop 
effects, Cb may differ from c T by a few percent at the quantum level. Nevertheless, 
the conclusion is that, in the MSSM, c& and c T are expected to be closely related in 
all of the parameter space. 

In the MSSM literature it is in general assumed that the scale of SUSY breaking 
y/f, or equivalently the gravitino mass 1 , is sufficiently large in order for the degrees of 
freedom associated with the spontaneous breaking of SUSY not to be relevant for the 
low energy effective theory. These degrees of freedom involve the Goldstone fermion, 
the goldstino [41, 42], and if SUSY is linearly realized, also the complex scalar su- 
perpartner of the goldstino, the sgoldstino [43-52]. The goldstino and sgoldstino 
interactions with the MSSM fields are dictated by supercurrent conservation and 
the strength of the interactions are determined in terms of ratios of the MSSM soft 
parameters over /. Since the sgoldstino is not protected by the Goldstone shift sym- 
metry, it generally acquires a mass upon integrating out some heavy fields of the 
hidden sector, but the precise value of its mass is model-dependent. In this paper 
we consider \f] to be around 5 TeV and the sgoldstino mass to be in the range 
between 500 GeV and 1.5 TeV. In Ref. [53] it was shown that in such a scenario, via 
a small sgoldstino mixing with a SM-like Higgs scalar h, it is possible to increase the 
c 7 -coupling for h without significantly affecting any of the other h couplings. 

In this work we extend the analysis of Ref. [53] by also considering the effect of the 
sgoldstino mixing on the Higgs couplings to the fermions. The interactions between 
the sgoldstino and the fermions arise through supersymmetric operators which also 
give rise to the A-terms. Therefore, the strength of these interactions will depend on 
ratios of the corresponding A-term parameter over /. Due to this A-term dependence, 
even in the MSSM decoupling limit, it is possible to significantly modify the Higgs 

1 ln flat spacetime, \ff and the gravitino mass m 3 / 2 are related by TO3/2 = f/(\/3Mp), where 
Mp is the Planck mass. 
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couplings to fermions. The fact that each Higgs coupling to fermions depend on its 
individual A-term parameter allows for the possibility of, for example, breaking the 
otherwise degenerate tree-level values of the tau and bottom Higgs couplings. 

This paper is organized as follows: In Section 2 we discuss the SUSY operators 
that give rise to the relevant sgoldstino interactions and we show how the sgoldstino 
mixing contributions are incorporated in the Higgs couplings. In Section 3, in order 
to illustrate the particular features of the scenario under consideration, we discuss 
a benchmark model which accommodates a Higgs particle h with a mass at around 
125 GeV, for which the h — > 77 signal is enhanced, the h — > t + t~ signal is depleted, 
while the signal rates in all the other channels are close to their corresponding SM 
values. We also discuss experimental bounds on the sgoldstino-like scalar state, 
arising mainly from di-tau searches, and its discovery potential at the LHC In Section 
4 we summarize and conclude. 



2 Tree-level mixing contributions to the Higgs couplings 

In the framework we consider, SUSY is linearly realized but spontaneously broken. In 
such a framework, the soft terms are promoted to supersymmetric operators involving 
a goldstino superfield X = x + V26G + 8 2 F X , where G is the goldstino [41, 42], F x 
is the auxiliary component that acquires a non-vanishing vacuum expectation value 
(VEV) /, and x is the scalar superpartner of the goldstino, the sgoldstino [43-52]. In 
the limit where the sgoldstino mass is large compared to the other mass scales in the 
theory, the sgoldstino can be integrated out and in the low energy effective theory, 
SUSY is non-linearly realized, see, e.g., Ref. [32, 54-57]. In this paper we consider 
the case where the sgoldstino mass is of the same order as the MSSM superparters 
masses and therefore, the sgoldstino is treated dynamically. 

In addition to the usual SUSY operators in the MSSM, we also consider the fol- 
lowing SUSY operators, which give rise to the Higgs soft masses 2 , the sgoldstino soft 
mass, a non-vanishing vacuum energy, the -B^-term, the trilinear scalar interactions 
between the sgoldstino and the Higgs scalars, and the gaugino masses, 

-J MY. f^XH^H, + 3| (A->A-) 2 ) , (2.1) 

\l=d,u / 

d 2 e (fx - Y XHd Hu - Y x2Rd Hu ) + hx - ' (2 ' 2) 



3 



J <?0XWZW* + h.c, (2.3) 



2 Similar operators which give rise to the sfermion soft masses are of course also present. 
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where the indices A\ = 1, A 2 = 1, 2, 3 and A 3 — 1, • • - , 8, see Ref. [51] for details. 3 
The MSSM A-terms can be generated by the following SUSY operators, 

- J d 2 9 f^X QH U U C + y X QH d D c +^XL H d E c \ + h.c. , (2.4) 

where the flavor indices are suppressed and we assume A u , A d and Ai to be propor- 
tional to the corresponding SM Yukawa matrices, with free proportionality coeffi- 
cients. In order for the operator expansion in terms of higher dimensional supersym- 
metric operators to be perturbative, we require that the (absolute value of the) soft 
parameters m d , m 2 , ml, A 2 , m 2 , A 2 , A 2 , Af, < f. Also, we take all the parameters 
to be real. 

In addition to the trilinear couplings between the Higgs scalars and the sfermions, 
arising from when the auxiliary component of X acquires a VEV, the operators in 
Eq. (2.4) also generate Yukawa-like interactions between the sgoldstino x and the SM 
fermions, arising from when the Higgs scalars acquire VEVs. Upon diagonalization 
of the neutral CP-even scalar mass matrix, these sgoldstino interactions give rise 
to extra contributions to the Yukawa couplings of the lightest physical Higgs scalar 
h, without affecting the corresponding fermion masses. By taking into account this 
kind of sgoldstino mixing effects, the dimensionless h couplings in Eq. (1.1) will have 
the following structure, 

c _ R(h,d) + A b v 2 cos/3 R {h:X) 
cos/3 V2m b f 

c _ R(h,d) A r V 2 COS g R( h ,x) 

cos (3 \/2m T f 

c _ R(h,u) A c v 2 sin (3R (hiX) 

sin/3 V2m c f 
_ R(h :U ) A t v 2 sin (3 R( h>x ) 
Ct ~^ + V2m t f ' (2 ' 5) 
c v = c w = c z = sin (3 R^ h , u) + cos (3 R {h4) , 

r»3 12ir v p 
2^2/ a s ""-(^ 



Ct A t + c b A b + ^h^R( 



c 



9 " At + At, 

lc t A t - lc v A w + micos2 % m f 2Shl26w ^R( h , x) 

Cl ~ 2 a _ 7 a ' 

where the 1-loop form factors, for a Higgs mass around 125 GeV, are given by 
At « 1.03, A b « -0.06+0.09i and A w ~ 1.19 [29]. The matrix elements R( h ,u), R(h,d) 



3 If instead X had been a non-linear goldstino superfield and satisfied the quadratic constraint 
of Ref. [54], the m^-operator in Eq. (2.1) and the A^-operator in Eq. (2.2) would not have been 
present. 
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and R(h,x) °f the rotation matrix R, which diagonalizes the neutral CP-even scalar 
mass matrix, are the mixing coefficients of the lightest physical Higgs scalar h with 
the gauge basis scalar fields h u , hd and x, respectively. The sgoldstino mixing con- 
tributions to the couplings of h in Eq. (2.5) are always proportional to R{h,x)lfi 
implying that they are negligible when either the SUSY breaking scale is too large 
or when the mixing with the sgoldstino scalar is too small. 

The usual MSSM Higgs couplings can be recovered by setting the mixing element 

#MSSM = 0> R USSM = CQSa and ^MSSM = _ gina _ The SM Higgs coup li ngs are 

then recovered by taking the decoupling limit, where Higgs pseudoscalar mass itla 
is far greater than the Z-boson mass mz, such that a — > (3 — tc/2, cos a — > sin /3, 
sin a — > — cos/3 and the dimensionless couplings in Eq. (2.5) become q — > cf M = 1. 
In this class of models, Cy = cz = cw in Eq. (2.5) is unchanged with respect to the 
MSSM formula, and upon replacing R(h,u) and R(h,d) with their MSSM expressions, 
we obtain the usual expression sin(/3 — a), which approaches one in the MSSM 
decoupling limit. 

The sgoldstino mixing contributions to the Higgs couplings to the fermions in 
Eq. (2.5) depend on the A-term parameters and are suppressed by the mass of the cor- 
responding fermion. This implies that it would require a very large top A-parameter 
in order to even have a slight effect on the q coupling in Eq. (2.5). Instead, it is 
easier to affect the bottom and tau Higgs couplings by choosing appropriately the 
free proportionality coefficients between the bottom and tau A-terms and the corre- 
sponding Yukawas. This allows for, e.g., a splitting between the q, and c T couplings 
in Eq. (2.5). Such a tree level splitting of the bottom and tau Higgs couplings is not 
possible in the usual MSSM setup. 

Let us now define the Higgs production cross sections and signal rates in terms 
of the Cj-couplings in Eq. (2.5). Instead of fitting the precise values of the measured 
signal rates, we will consider the inclusive channels, dominated by the gluon-gluon 
fusion production mode, except for the h — >• bb decay mode for which we consider 
the vector boson associate production mode, since it is more relevant for the LHC 
searches. Note that, even though the depletion seen for h — > t + t~ in the current 
CMS data concerns the vector boson fusion production mode, we will only consider 
the inclusive h — > t + t~ channel. This is partly due to the fact that we do not know 
the precise selection efficiencies for the various production modes contributing to the 
di-jet final state category of this channel. But mainly, as already mentioned, this is 
because our aim is not to fit any precise signal strengths but rather to show that it is 
possible, within the framework of low scale SUSY breaking with a sgoldstino scalar, 
to significantly separate the c T and q, couplings in Eq. (2.5). 

The gluon-gluon fusion (ggF), vector boson fusion (VBF) and vector boson as- 
sociated (VH) production cross sections, normalized to their SM values, are given 
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by [29], 

^ggF | ,2 OVBF _ °VH _ | ,2 /„ fi x 

_SM ' -SM _SM I V l ' V / 

"ggF VBF U VH 

The normalized total inclusive production cross section is therefore given by, 



\ n |2 SM , \„ \ 2 (n-SM , _SM\ 

otot _ \ c g\ a ggF + \ c v\ ^vbf + ^vhJ ^ ^ 



-SM " _SM I ,_.SM I _SM 

°tot ^ggF ~T U VBF ' y VH 



and the signal rates in the inclusive channels can be written as, 

pincl _ °"tot BRfeij , , 

U ii ~ -SMtjdSM ' 
°tot ti&hii 

for which we will only consider the decay modes i = Z,W, r y and r. Finally, the 
signal rate for the associated production of bb via VH can be written as, 
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oVh BR 
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^hbb 



(2.9) 



3 Numerical examples and phenomenology 

In this Section we illustrate the main features of the scenario under consideration 
by discussing a benchmark point in the parameter space. In order to highlight 
the features that are specific to this scenario we choose extreme values of the key 
parameters. Some of these extreme values are chosen such that the resulting spectrum 
contains a sgoldstino-like scalar that is on the verge of being excluded/discovered 
by di-tau searches at the LHC Together with the requirement of having all the 
soft parameters smaller than the SUSY breaking scale, the extreme values of the 
parameters are meant to show, for example, how large is the splitting between the c T 
and Cb couplings, and their corresponding signal rates, that can be accommodated. 
Clearly, less extreme parameter values give rise to smaller effects and we discuss how 
the couplings and signal rates vary as we move in the parameter space. 

3.1 A benchmark point 

The values of the parameters in the benchmark point we consider are shown in the 
left column of Table 1 and the Higgs mass, c-couplings and signal rates these values 
of the parameters give rise to, are shown in the right column of Table 1. Let us 
outline the logic behind this choice of parameters. 

In an attempt to isolate the effects that are specific to this scenario we consider 
only the case in which the mixing between the two Higgs doublets are negligible, 
corresponding to taking the MSSM decoupling limit, m 2 A 3> m 2 z . This can be accom- 
plished by considering a large value of B^. In scenarios where the SUSY breaking 
scale is low, due to presence of F-term contributions depending on ratios of soft 
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Parameter 


Value 




Quantity 


Value 


V? 


5 TeV 




m h 


125.8 GeV 


mi2 


-1.5 TeV 




y 


1.1 


m 3 


900 GeV 






1.29 


m x 


650 GeV 




Cy 


0.99 


m t 


370 GeV 




Q 


0.99 


tan j3 


1 




Cb 


1.13 


fj, 


100 GeV 




C T 


0.68 


Bjf 


0.7 




r 2 
Hot 


1.3 


A x 


90 GeV 








A t 


GeV 




pincl 


1.03 


Ab 


4 TeV 




pincl 


1.74 


A c 


GeV 




K bb 


1.1 


A T 


-4 TeV 




pincl 

TT 


0.48 



Table 1: Values of the parameters in the benchmark point and resulting Higgs mass, 
c-couplings and signal rates. 



parameters over the SUSY breaking scale, the tree-level mass of the lightest neutral 
CP-even Higgs scalar can be significantly larger than the corresponding MSSM value 
[32, 51]. 

From the analysis done in Ref. [51] it can be seen that for large values of B^, 
the tree level Higgs mass is maximized for small values of tan /3 and /z. 4 In order 
to satisfy the experimental bound on the charginos, we set /i to be 100 GeV. In the 
regime where /, B^ 3> m 2 3> t> 2 ,/i 2 ,A 2 the dominant contributions to the mass of 
the lightest Higgs scalar are given by, 

ml = ml cos 2 2/3 + (j^ sin 2 2/3 - + , (3.1) 



where the 1-loop contribution is given by 



3m? 

S - 



2ti 2 v a 



m 2 \ , X 2 / X 2 



log -i + - Jr 1 - 



m 2 J ' m 2 \ 12m 2 



(3.2) 



with X t = A t — /i/ tan/3. Note that the ratio B^/f in Eq. (2.2) plays the analogous 
role of the parameter A in the context of the NMSSM, see Ref. [58] for a review and 
references. Inspired by the commonly used value of A, in the benchmark point we 
set Bjf = 0.7. 

Due to the presence of the extra tree-level contributions with respect to the usual 
MSSM contribution, corresponding to the first term in Eq. (3.1), the 1-loop correction 



4 Moreover, as it is evident from the Eqs. (2.5), the sgoldstino mixing contributions to the Cb and 
c T couplings, in the decoupling limit where R(h,d) — cos/3, are maximized for low values of tan/3. 
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in Eq. (3.2) is not as important as in the MSSM. In order to highlight this feature of 
the scenario, we consider small 1-loop corrections in which A t = (implying that the 
whole A u matrix in Eq. (2.4) is vanishing and in particular A c = in Eq. (2.5)) and 
the stop mass is 370 GeV, where the latter specific value is chosen such that the Higgs 
mass is around 125 GeV. Note that the dependence on the value of the Aj-parameter 
of sgoldstino mixing contribution to the c r coupling in Eq. (2.5) is negligible due to 
the suppression by the top quark mass. Therefore, apart from the freedom in raising 
the Higgs mass via loop corrections, our results are almost insensitive to its value. 

In Eq. (3.1) we see that the tree-level mixing induced by A x always acts in a 
destructive way. This is due to the the fact that the h scalar corresponds to the 
smallest eigenvalue of the mass matrix and therefore, due to level repulsion, any 
mixing with the heavier sgoldstino-like scalar will decrease m^. 

The c g coupling in Eq. (2.5) depends on the gluino mass, which is experimen- 
tally constrained from below. As discussed in Ref. [53], in order for the sgoldstino- 
like scalar to evade bounds from direct di-photon and di-jet searches, we choose 
y/J = 5 TeV. This choice is consistent with what we find in Section 3.3 concerning 
bounds arising from di-tau searches. Moreover, in order not to have a too large de- 
viation, with respect to the SM, in the gluon-gluon fusion production cross section, 
since c g depends on the combination m^R(h )X )/ f, even if we set the gluino mass at it 
the experimental bound at around 900 GeV, we are required to have a small value 
for R(h,x), around 0.1. 

In the regime of the parameter space under consideration, the mixing elements 
can be approximated by, 

3V2A X v sin 2/3 

A 2 2 • 2 a 

R {h , d) = cos /3 - 15 (14 cos + 5 cos 3/3) , (3.3) 

R {htU) = sin /3 - A ^° 4 S2/3 (14 sin /3 - 5 sin 3/3) . 

For A x <C m x , the R(h,d) and R{h,u) elements are close to their corresponding values 
in the MSSM decoupling limit. In the benchmark point, A x and m x are chosen in 
order to have the desired value for Rth,x) > while having m x large enough to evade the 
bounds on the sgoldstino-like scalar. 

All the other coefficients, namely m 1? m 2 , A&, A c and A T , do not directly affect 
the Higgs sector, but only the c-couplings in Eq. (2.5), and they are chosen in order to 
have a significant splitting of q, and c T , an increase in the c 7 -coupling while keeping 
the other couplings close to their corresponding SM values. Concerning the At, 
we could take it to be vanishing in order to have the Q,-coupling close to its SM 
value. However, the q,-coupling is the most relevant one for the total width and, in 
the benchmark point, the gluon-gluon fusion production cross section is larger than 
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Figure 1: The signal rates and the coefficient c 2 , defined in the text, as functions of the 
combination of the gaugino masses m\i = mi cos 2 9w + ^2 sin 2 8yy (left panel) and of the 
gluino mass 777,3 (right panel). In each case we keep fixed all the other parameters at their 
values given in Table 1. The vertical lines correspond to the benchmark point values. 

in the SM. Therefore, if we want the inclusive signal rates for the h — > ZZ* and 
h —7- WW* decay modes to be as close to the SM values as possible, we can use A& 
in order to increase c&. In this way, we increase the total width and hence make the 
inclusive h — > ZZ* and h — > WW* channels more compatible with the SM values. 
Of course, it is also possible to use A b in order to decrease q, and reduce the partial 
width of the h — >■ bb decay. The values of the couplings in Eq. (2.5) and the signal 
rates this benchmark point gives rise to, are shown in the right column of Table 1. 

3.2 The parameter space 

Let us now discuss how the c-couplings and signal rates vary as we move away, in 
the parameter space, from the benchmark point in Table 1. Note that we will at all 
times only consider the MSSM decoupling limit. 

In the left panel of in Fig. 1, the relevant quantities are shown as a function of the 
linear combination m 12 = mj cos 2 Q\y + 7772 sin 2 6w We see that only the rate R™ 1 
varies, while all other quantities are independent of this linear combination of bino 
and wino masses. In right panel of in Fig. 1 we see that all the rates of the inclusive 
channels increase as we increase the value of the gluino mass, since it enters in 
the decoupling in Eq. (2.5) and therefore in the gluon-gluon fusion production cross 
section, which is the dominant production mode in the inclusive channel. In contrast, 
for the rate R™ the c g coupling does not enter in the production cross section, but 
only in terms of a contribution to the total width. Note that by choosing the opposite 
sign for the gluino mass, with respect to our benchmark point, i.e. 7773 = —900 GeV, 
implies that, for example, the rate R^ z l — Rww ls weu below the SM value. Since 
we can not raise the cz = c\y above one in Eq. (2.5) the only possibility we have 
in order to bring this rate closer to the SM value is to decrease the total width, in 
particular by decreasing c& in Eq. (2.5). 
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Figure 2: The signal rates and the coefficient <? g as functions of the A-terms A b (left 
panel) and A T (right panel). In each case we keep fixed all the other parameters at their 
values given in Table 1. The vertical lines correspond to the benchmark point values. 



The plots in Fig. 2 show the dependence of the relevant quantities on the A-term 
parameters Af, and A T . We see that, due to the fact that the SM Higgs coupling 
to bottom quarks is larger than the coupling to tau leptons, _R™ cl has a stronger 
dependence on A T than R^ b K has on A b . We also notice that, since c& is more relevant 
than c T for the total width, as A b is increased, the total width is increased, which 
reduces all the BRs, except the one for h — > bb. This is even more evident in Fig. 3, 
where the dependence of the signal rates on Ab and A T are shown. We see how the 
contours for R™^ = R 1 ^/ and those of R™ x are more or less insensitive to the value 
of A T whereas, in contrast, the ratio i?™ cl /i?^ H is strongly dependent. 

All the relevant quantities obviously depend strongly on the value of the SUSY 
breaking scale yff. I n Fig- 4 it is shown how the sgoldstino mixing contributions in 
Eqs. (2.5) decrease for increasing values of yff. The thin lines in Fig. 4 correspond 
to the choice Af, = —A T = 4 TeV while the thick lines corresponds to the limiting 
case in which Af, = —A T = yff. In the latter case, significant effects can be achieved 
even for a large value of yff. Obviously, the larger the value for the A-terms, the 
larger the corresponding soft mass has to be, in order to avoid tachyonic sfermions. 

As a final comment, due to our assumptions concerning the flavor structure of the 
A-terms, we do not expect any significant contributions to flavor changing processes. 
Note that new diagrams are present, analogous to the SM Higgs contributions to 
processes such as b — > and r — > lj, with the sgoldstino replacing the Higgs. How- 
ever, these diagrams turn out to be negligible since the Higgs contribution is already 
subleading with respect to the one from the gauge bosons, and the sgoldstino contri- 
bution is suppressed with respect to the Higgs one by the factor Q^jj/Qhjf • m hl m % 
where and respectively, the couplings of the sgoldstino and the Higgs 

to two fermions. 
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Figure 3: Contour plot showing the ratio i?™ cl /i?^, H (red solid line), R™ 1 (green dashed 
line) and R^z* = ^ww* (blue dotted line), as functions of the ^4-terms Af, and A T , keeping 
fixed all the other parameters at their values given in Table 1. The dot * represents the 
benchmark point. 




Figure 4: The coefficient c 2 g and the signal rates R™\ i?|f, = R 1 ^, (left panel), R™f 
and i?^ H (right panel), as functions of the SUSY breaking scale v7 with Ab = —A T = 4 TeV 
(thin lines) and Af, = —A T = \f] (thick lines). The two lines for (? g coincide. In both cases 
all the other parameters are kept fixed as in Table 1. 



3.3 Bounds from di-tau searches 

The bounds on the sgoldstino-like scalar, arising from di-photon and di-jet searches 
have been discussed in Ref. [53]. The key difference in the scenario considered in 
this paper is due to the presence of large A-term parameters, which, in particular, 
induce large couplings of the sgoldstino to the bottom quarks and the tau leptons 
and hence large BRs for the sgoldstino decays into bb and t + t~. Due to the fact that 



gluon-gluon fusion is the dominant production mechanism, the sgoldstino decay into 
bb is overwhelmed by the QCD background and can not be used to set bounds on 
the parameter space. However, the t + t~ final state provides an interesting channel 
from the point of view of both constraint and discovery prospects. 

In Ref. [59] the ATLAS Collaboration recently presented a search for a high 
mass resonance decaying into t + t~ with an integrated luminosity of 4.6 fb _1 at a 
center of mass energy of 7 TeV. This search focuses on neutral vector resonances (Z') 
and unfortunately it cannot be directly used to set bounds on our model. However, 
in order to have an idea of the sensitivity of current searches of resonances in the 
t + t~ final state in terms of the scenario we are considering, we assume the selection 
efficiency and kinematic acceptance of the Z' to be equal to the one of a neutral scalar. 
By this assumption, we can simply use the bounds presented by the ATLAS search in 
order to constrain the parameter space of our scenario. The exact structure of all the 
sgoldstino interactions is strongly model-dependent, so in order to be conservative, 
and with motivation from the fact that a large coupling of the sgoldstino to tau 
leptons is required in order to significantly affect the decoupling in Eq. (2.5), we 
assume BR(0 — > r + r~)=l. This is a reasonable assumption in the case where \A T \ is 
larger than all the other soft parameters and where the mixing angle R(h,x) is small. 
In this case the bound of Ref. [59] can be directly compared to the total sgoldstino 
production cross section, which is plotted in Fig. 2 of Ref. [53]. In particular, by 
taking into account the sgoldstino production cross section via gluon-gluon fusion, 
given by, 



we can use the ATLAS search in order to obtain a 95% CL exclusion region in the 
plane (m^, m 3 /f). This is done in Fig. 5, where we also indicate our benchmark point 
with a star. We have chosen our benchmark point very close to the experimental 
bound in order to show how large the deviation in h — > t + t~ can be in the scenario 
we are considering. However, as it is clear from Fig. 4, a larger value of y/f would 
bring us below the present bound. 

The bound shown in Fig. 4 suggests the following considerations. Since the ratio 
m s /f is minimized for low values of 777.3, we choose the lowest value of 777.3 that is 
compatible with the experimental lower limit on the gluino mass, at around 1 TeV. 
The maximum value for /, for which we still can have an effect in the h — > t + t~ 
channel, can be read off the right panel of Fig. 4. If we expect a depletion of the 
order of 50%, then y/J cannot be much larger than 10 TeV, even if we take A T 
to be at the edge of the perturbative region, i.e. A T ~ y/J. Therefore, assuming 
\// max = 10 TeV, we can conclude that if the depletion in h — > t + t~ is confirmed by 
the LHC Collaborations and if indeed this can be explained by a mixing of the Higgs 
boson with a sgoldstino scalar, then we should expect 777.3/ '/ > 0.01 TeV -1 , and due to 




(3.4) 
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Figure 5: The region above the red line corresponds to the 95% CL upper limit on 
a (pp -»• Z') x BR(Z' -»■ r+r-) of the ATLAS search of Ref. [59]. The exclusion in the 
plane (7710,7713//) was obtained assuming that the experimental exclusion can be straight- 
forwardly applied to a scalar resonance (i.e. the kinematic acceptance and the selection 
efficiency is the same as for a Z') and that BR(0 — > t + t~) = 1. The dot * represents the 
benchmark point. 

the large value of A T , a significative BR(0 — > t + t~). We can estimate the sensitivity 
to the <p — > t + t~ process of the LHC with a higher integrated luminosity L. The 
simplest way of doing this is by the purely statistical assumption that the limit in 
Ref. [59] scales as \[L. By this assumption, we see that with about one hundred 
times the luminosity used in the analysis of Ref. [59] we expect that the relevant 
777.3// region can be explored, allowing for a possible confirmation or exclusion of our 
explanation for the h — > t + t~ depletion. This is of course a conservative estimation, 
since the LHC center of mass energy is going to increase and the understanding of 
the relevant systematic uncertainties is expected to improve. Therefore, new searches 
for resonances in the di-tau final state are strongly motivated, especially in the case 
of scalar ones. 

4 Conclusions 

In this paper we discussed the structure of the Higgs couplings that arise in a scenario 
where supersymmetry is broken spontaneously at a low scale. By promoting the 
MSSM soft terms to supersymmetic operators and treating the goldstino superfield 
dynamically, we showed how the mixing with the sgoldstino-like scalar can induce 
a dependence on the MSSM soft parameters for the couplings of the lightest Higgs 
scalar. In particular we discussed how the tree level Higgs couplings to fermions 
depend on the A-term parameters for the corresponding fermion. This dependence 
allowed for modifications of the usual MSSM Yukawa couplings. In an attempt to 
isolate this effect from mixing effects between the two Higgs doublets we focused 
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on the decoupling limit, in which the MSSM Yukawa couplings reduce to the SM 
ones. As an illustrative example, we discussed a benchmark model in which the 
Higgs coupling to tau leptons is depleted and the coupling to photons is enhanced, 
while all other couplings, including the one to bottom quarks, are close to their 
corresponding SM value. Of course, by refraining from taking the decoupling limit, 
a wider range of possibilities opens up. We also discussed the exclusion/discovery 
prospects for the sgoldstino-like scalar in terms of di-tau searches. In particular, we 
argued that a significant deviation in the Higgs coupling to tau leptons motivates 
searches for a scalar resonance in the di-tau final state. 
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